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% 3 (α; σ)  
 
 ! 
  p%  

  (α; σ)  p  "
(α; σ)(p) 	 ! 
	  #	&
(α; σ)(•a) = •α(a)
(α; σ)(x) = σ(x)
(α; σ)
(
F a(p1, . . . , pm)
)
= Fα(a)
(
τ(p1), . . . , τ(pm)
)
# τ = (α(a)) ◦ (α; σ)
9%  )  

  
	  +	 
	  #	&
(α; σ)(∆) = {α(a) → (α; σ)(p) | a → p ∈ ∆}
   

   
   +" 	   	  

 #  +"%  
	 
 	, 
 
"  
 	
 	  (α; σ)(∆) 
"    
 +  ∆ 	 
  %  #+
3
 9: # +	 	G 	  ∆ 
 (α; σ)   (α; σ)(∆)  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 %
% # 	 p 
 t 
 #	
  	  		  
 "  
)		 
 α 
 
 σ  L+ 
 	 
 (σ) ⊆ X 	 α 
 σ 


	 	 
 (α; σ)(p) = t% * 	 
 
  
 ,+

! 	 #
" 	 
 ,+
 
& 	"" 	 + "   
 
 α 

σ 
 +O M)+" "   
 
  " 	 M)+ 	 α 
	 
"   
			  p 
 σ 
	  "  	 +

	O 
 
	+"
"   
 
  	  L+  	   
 	  	 	 
 L+
    	
 "%

	
 
 

 	 	
9
 

  
 
  
 
 	+	 
		"&  	
α 
	  
			   
 #  		 σ 
	  +

	 
 	 
   
" )
" $  	 #   # 

#+ 
		"   $% @ 	
 
 
+ 

   
 
 
  H)
 ; #    
		   c( c( c(•c)))%
 #
" # 
+ !   	  
		   c(•c)% 	 
$	  

 , 	
   
 "   ,

 
 # AB<D  	
!
"  
 
  
  ?%
  # 	 )			 
  
  "  
  
	  
   
#        
%
" 4 1 
(Π; p; t) = (α; σ) 
 (α; σ)(p) = t
2 C" 	
   p%
• * p = •a 
 t = •b  (α; σ) = ({a → b}; ∅)% J+	" ({a → b}; ∅)(•a) = •b.
• * p = x  (α; σ) = (∅; {x → t}) 
 +	" (∅; {x → t})(x) = t%
• * p = F a(p1, . . . , pm)  t = F b(t1, . . . , tm) 

(α; σ) = (
m⋃
i=1
αi, a → b;
m⋃
i=1
σi),
# 
(Π, a → b; pi; (t)(ti)) = (αi; σi)%   " *%F%
(α; σ)(pi) = (t)(ti).

(α; σ)(p) = (α; σ)
(
F a(p1, . . . , pm)
)
= F b
(
((b) ◦ (α; σ))(p1), . . . , ((b) ◦ (α; σ))(pm)
)
= F b
(
(b)((t)(t1)), . . . , (b)((t)(tm))
)
= F b(t1, . . . , tm) " 3
 

84 3
 t   
  	
 ∆ 	 Γ"  (α; σ)   
	 (

	 t
(α; σ)(∆) 	  
	
2 C"   t%
• * t 	 
 +

  ∆ = ∅ = (α; σ)(∆)%
• * t = •a  ∆ = {a → •a}% (α; σ)(∆) = {b → •b} # α(a) = b # 	 

 %
9
• * t = F a(t1, . . . , tm)  ∆ =
⋃m
i=1((t) ◦ ∆i) ∪ {a → t}%  (α; σ) !	 t 
 #	 
 (α; σ) !	 
 ti% F " *%F% # 
+

(
(α; σ)(∆i)
)
.
 ((t) ◦ ∆i) = (∆i)  	 
 


(
(α; σ)((t) ◦ ∆i)
)
	 
	 	
	!% * 	  
	 
 


(
(α; σ)(
m⋃
i=1
((t) ◦ ∆i) ∪ {a → t})
)
	 	
	!%

84 ((α(a)) ◦ (α; σ) ◦ (a))(t) = ((α(a)) ◦ (α; σ))(t)
2 C"    	  t%
• t = x% C 		 	  (α(a))(σ(x))%
• t = •b% C 		 	  •α(b) + # b = a%
• t = F a(t1, . . . , tm)%   "		 
	   ti # "	  
 	%

84 3
 Γ    
$
  α  	  

 (α) ⊆ Γ
3
 α(Γ) 

⋃
a∈Γ α(a)"  φ  ©a∈Γ(a)  © 
 
 	
	   

 
	 
	" 	 	 	 
    :	 
 	;
• Γ 
 p  ∆"
• (α; σ) (
 p 	 Γ"
•  t ∈ (σ)   	
 ∆t 	 α(Γ)
< 
 #		
" 
 	 ;
α(Γ) 
 (φ ◦ (α; σ))(p)  ∆′  D′ ⊆ φ ◦ ((α; σ)(∆) ∪
⋃
t∈(σ)
∆t).
2 C"    	  p%  )	   ∆t 	 " !  !%
• p = x% J+	" σ(x) ∈ (σ)% F " ! 
 " 3
 
α(Γ) 
 (φ ◦ σ)(x)  Φ
# Φ ⊆ φ ◦ ∆σ(x) ⊆ φ ◦ ((α; σ)(∆) ∪
⋃
t∈(σ) ∆t)%
99
• p = •a%  (φ◦(α; σ))(p) = •α(a)% C" ! Γ 
	 a 
 ∆ = {a → •a}%
F α(Γ) 
	 α(a) 
 ∆′ = {α(a) → •α(a)} = (φ ◦ (α; σ))(∆)%
• p = F a(p1, . . . , pm)% 3 φ′  φ ◦ (α(a)) 
 Λ 
⋃
t∈(σ) ∆t% 
t = (φ ◦ (α; σ))(p) = φ(Fα(a)(. . . , ((α(a)) ◦ (α; σ))(pi), . . . ))
= Fα(a)
(
. . . , (φ ◦ (α(a)) ◦ (α; σ))(pi), . . .
)
= Fα(a)
(
. . . , (φ′ ◦ (α; σ))(pi), . . .
)
@ 
 pi # 
+ Γ, a 
 pi ∆i% -+  	 
 
 (α; σ) !	 
  pi 
 *%F% 
	 

α(Γ, a) 
 (φ′ ◦ (α; σ))(pi)  ∆′i
# ∆′i ⊆ φ′ ◦ ((α; σ)(∆i) ∪ Λ)% F
∆′ =
m⋃
i=1
((t) ◦ ∆′i) ∪ {α(a) → t} C" !
⊆
m⋃
i=1
((t) ◦ φ′ ◦ ((α; σ)(∆i) ∪ Λ)) ∪ {α(a) → t} C" *%F%
= ((t) ◦ φ′ ◦ ((α; σ)(
m⋃
i=1
((a) ◦ (p) ◦ ∆i)) ∪ Λ) ∪ {α(a) → t}
C" 3
 
= ((t) ◦ φ′ ◦ ((α; σ)(
m⋃
i=1
((p) ◦ ∆i)) ∪ Λ) ∪ {α(a) → t}
C" 3
 9;
= ((t) ◦ (α(a)) ◦ φ ◦ ((α; σ)(
m⋃
i=1
((p) ◦ ∆i)) ∪ Λ)
∪ (φ ◦ (α; σ))({a → p})
= φ ◦ ((α; σ)(
m⋃
i=1
((p) ◦ ∆i) ∪ Λ)) ∪ (φ ◦ (α; σ))({a → p})
C" 3
 
= φ ◦ ((α; σ)(
m⋃
i=1
((p) ◦ ∆i) ∪ {a → p}) ∪ Λ)
= φ ◦ ((α; σ)(∆) ∪ Λ) C" !  ∆

9
	 
 # ! 
%  
   
	  	% ?+ 
  
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 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	 "  		 #  	
 
		%
# 0 ( 1"34   
 	 
	   
	 Φ
  
 
  

 (Φ(a)) = a  	 	
 
  
 t 
 	  

t′  

 t′  
  
	  t"     a ∈ (t); t′ @ a = Φ(a) 	
a ∈ (Φ)" 
	 t′ @ a = (t@ a)′"  (t@ a)′ 	 
 	
	  
 


 t@ a

 
	 $  
  
 )   
E  
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%  
	 #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
 	 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 
 	" + " 
			 	
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 
   %
)$ = 3 t   a( b(2c, 2c),  b(2c, 2c)) 
 ∆  {b → 4b}%  
  
∆  t +	  a(4b, 4b)%
F 	   
 !  
 
%
/0 $ 1"34 *   # 
 
 	 

E " 
  
 Φ   
			  	 	 
 (Φ(a)) = a% (Φ)(t) 	 !  	 
	
 #	&
(Φ)(x) = x
(Φ)(•a) =
{
Φ(a)  a ∈ (Φ)
•a #	
(Φ)
(
F a(t1, . . . , tm)
)
=


Φ(a)  a ∈ (Φ)
F a
(
(Φ′)(t1), . . . , (Φ′)(tm)
)
#	
# Φ′ = (a) ◦ Φ
894 1 Γ 
 t  ∆  Γ 
 u  Φ" 

Γ 
 (Φ)(t)  ∆′  ∆′ ⊆ ((Φ) ◦ ∆) ∪ Φ.
2 C" 	
   t%
• t = x% 	 
	 	 +
 	 ∆ = ∅ = ∆′%
• t = •a%
: @	 
	& a ∈ (Φ)  (Φ)(t) = Φ(a)% C" 8	  # 	 
+

 Γ 
 (Φ)(t)  Φ′ ⊆ Φ%
9:
:  
	& a /∈ (Φ)  (Φ)(t) = •a 

Γ 
 (Φ)(t)  ∆ = (Φ) ◦ ∆.
• t = F a(t1, . . . , tm)%
: @	 
	& a ∈ (Φ)  	 
	 	 	
   !	 
	  •a%
:  
	& a /∈ (Φ) 
(Φ)(t) = F a
(
((a) ◦ Φ)(t1), . . . , ((a) ◦ Φ)(tm)
)
.
C" !  
		" 
 ti 	
	!	 Γ, a 
 ti  ∆i% C" 3
  

 u  (Φ) 	
	!	
Γ, a 
 (a)(u)  Φ′ ⊆ (a) ◦ Φ.
  " *%F% 
 ti 	
	!	
Γ, a 
 ((a) ◦ Φ)(ti)  ∆′i ⊆ (((a) ◦ Φ) ◦ ∆i) ∪ ((a) ◦ Φ).
F
∆′ =
m⋃
i=1
((Φ)(t)) ◦ ∆′i ∪ {a → (Φ)(t)}
⊆
m⋃
i=1
((Φ)(t))◦((((a) ◦ Φ) ◦ ∆i) ∪ ((a) ◦ Φ))
∪ {a → (Φ)(t)}
 ∆ =
⋃m
i=1((t) ◦ ∆i) ∪ {a → t}  (t) ◦ ∆i ⊆ ∆ 
 "
3
 
∆i = (a) ◦ (t) ◦ ∆i ⊆ (a) ◦ ∆.
F
∆′ ⊆ (((Φ)(t)) ◦ ((a) ◦ Φ) ◦ (a) ◦ ∆)
∪ (((Φ)(t)) ◦ (a) ◦ Φ) ∪ {a → (Φ)(t)}
= (((Φ)(t)) ◦ (a) ◦ (Φ) ◦ ∆)
∪ (((Φ)(t)) ◦ (a) ◦ Φ) ∪ {a → (Φ)(t)}
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